The spatial orientations of the galactic planes for galaxies in the Coma/A1367 supercluster have been determined. Owing to the ambiguity in the determination of the inclination angle, two possible orientations of the normal to the galaxy plane were found. Two angles, the polar angle d D and the azimuthal angle h , describe the orientation of normals. The distribution of both angles has been checked for isotropy. It is shown that the distribution is not isotropic. The same alignment is observed for samples containing elliptical and lenticular galaxies and for samples containing only spirals, as well as for samples containing galaxies located in different parts of the supercluster. In the case of spiral galaxies, the anisotropy shows that galaxy rotation axes strongly favour alignment with the main plane of the supercluster. The projection of the rotation axes on to the main plane of the supercluster has a preferential direction pointing towards the supercluster, but this effect is weak. A comparison with theory is also presented.
I N T R O D U C T I O N
The origin of large-scale structures in the Universe is one of the most intriguing problems in astronomy. It has been shown (Bond, Kofman & Pogosyan 1996; Sathyaprakash, Sahni & Shandarin 1996; Yess & Shandarin 1996; Martel & Shapiro 1999 a,b , and references therein) that it is possible to reproduce the observed filamentary structures in the Universe. This was done using an approach in which structure formation is a result of the existence in the early Universe of perturbations in a homogeneous and isotropic Gaussian random field. This approach gives a presentday size of the voids of ,30 Mpc, in good agreement with observations. The simulations show that in a cold dark matter model the structures are characterized by a filamentary shape and they form a network. Also, the alignment of neighbouring clusters at later epochs can be observed. It is possible that superclusters, regarded as`fossils', still`remember' this period, which could lead to a non-random orientation of galaxy planes. The nonrandomness of galaxy orientations in various scenarios of galaxy origin has been demonstrated by e.g. Shandarin (1974) , Wesson (1982a,b) , Dekel (1985) and West, Weinberg & Dekel (1990) .
The Coma/A1367 supercluster has a well-determined spatial orientation: it is seen nearly edge-on Chincarini, Giovanelli & Haynes 1983a) , which allows one to make a clear interpretation of the results.
A preliminary study of the orientation of spiral galaxies in the Coma/A1367 supercluster was performed by Flin (1988a) . That sample contained all galaxies brighter than 14.5 mag. It was shown that the distribution is anisotropic. Galaxy planes tend to be perpendicular to the main plane of the supercluster. A similar conclusion resulted from an enlarged sample (Flin 1993 ) based on Zwicky's galaxies (Zwicky et al. 1961±68) . The non-random distribution of galaxy planes in the vast region containing the Coma supercluster was noted by Garrido et al. (1993) .
The same galaxy alignment was observed in the whole supercluster, as well as in the region containing A1656 itself (Flin 1993) . The non-random distribution of galaxies in A1656 was noted by several authors [see Djorgovski (1983 Djorgovski ( , 1987 for reviews], and recently by Wu et al. (1997 Wu et al. ( , 1998 .
In the meantime, the number of galaxies with determined radial velocities has grown significantly, which allows us to extend the previous study in order to see whether a similar tendency among fainter objects exists. Moreover, the existence of anisotropy, or a lack thereof, in the distribution of rotation axes of galaxies in superclusters can be used to discriminate, at least, among various classes of galaxy origin scenario, when the alignment is primordial. If the orientation of galaxies is not primordial, it is connected with supercluster evolution, which is also interesting to study.
The paper is organized in the following manner. Section 2 presents the observational data, Section 3 gives the method of analysis and Section 4 presents the results, while the discussion and conclusions form Section 5, ending the paper.
O B S E RVAT I O N A L D ATA
In order to be considered as a member of the supercluster, a galaxy should be listed in Zwicky's Catalogue (1961±68) and be located (Nilson 1973) came the diameters of the major and minor axes of the galaxy image, denoted a and b, respectively. The morphological type T and position angle of the galaxy major axis p were also taken from the UGC. Because some data were lacking in the UGC, values of a, b and p for more than 200 objects were measured by the present author on the blue prints of the Palomar Sky Survey. The morphological types were taken from the UGC, the Third Reference Catalogue of Bright Galaxies (RC3: de Vaucouleurs et al. 1991) , the Catalogue of Principal Galaxies (PGC: Paturel et al. 1992 ) and the NASA Extragalactic Database (NED). The distributions of axial ratio b/a and position angle p of the galaxy major axis are presented in Figs 1 and 2 respectively. The application of the x 2 -test shows that there is no difference between the position angle distributions. However, the distributions of axial ratios are different. Probably the excess of galaxies in the total sample (Fig. 1a) in the bin baa [ 0X4Y 0X5l is responsible for the difference. Nevertheless, smoothing the distributions in the range baa [ 0X4Y 0X6l shows the same percentages of galaxies, namely 24.5, 26.4 and 25.2 per cent of the samples respectively. The frequencies of galaxies seen`faceon' and close to`face-on' [this is baa [ 0X8Y 1X0l] are 0.333, 0.229 and 0.289 respectively.
The equatorial coordinates of each galaxy and its position angle p expressed in this system were transformed to the new coordinate system connected with the supercluster. The supercluster coordinate system was chosen in such manner that the highest galaxy density determines the supergalactic main plane. It was assumed that the centres of the clusters A1367 and A1656 are located on the main plane of the supercluster, and that the great circle passing through both clusters determines the equator of the supercluster coordinate system. The intersection of this equator with the equator of the equatorial system gives the angle between both systems, f 348Y and the right ascension of the intersection ± this is the ascending node a V 1418X5X
The transformation gives for each galaxy its supergalactic latitude b, longitude l and position angle P. In the case of galaxies seen`face-on', a value of P 0 was adopted. The radial velocities were collected from the literature (Chincarini & Rood 1972a,b; Tifft 1972 Tifft , 1973 Tifft & Gregory 1973 , 1976 , 1979 Tifft & Tarenghi 1975 , 1977 Williams & Kerr 1981; Kent & Gunn 1982; Chincarini et al. 1983b; Huchra et al. 1983 Huchra et al. , 1990 Huchtmeier et al. 1983; Fontanelli 1984; Jaffe, Gavazzi & Valentijn 1986; Gavazzi, private communication; Gregory, Tifft & Moody 1988; Mazure et al. 1988; Thorstensen et al. 1989 Thorstensen et al. , 1995 Wegner et al. 1990; RC3; Eder, Giovanelli & Haynes 1991; Bottinelli et al. 1992; PGC) . For almost 82 per cent of galaxies their radial velocities are known, which gives the completeness of the investigated sample. The sample was divided into subsamples, according to the morphological types of the galaxies. With respect to this parameter two main groups were constructed: elliptical and lenticular galaxies T , 0Y and spirals T $ 0X Moreover, the region close to the main plane of the supercluster jbj # 28 X 5 and outside it jbj . 28 X 5 were investigated. Beside this, the region not containing the rich clusters A1367 and A1656 was investigated, restricting the investigated region to a [ 11 h 50 X m 7Y 12 h 51 X m 7X The second sample was constructed on the basis of the UGC. Galaxies were located in the same celestial region and they should have the same range of radial velocities as in the case of Zwicky's sample. The completeness of the UGC sample is over 95 per cent, which means that for such a number of galaxies the radial velocities are known.
M E T H O D O F A N A LY S I S
The analysis is performed exactly in the manner described in our previous paper (Flin & Godlowski 1986) . It is assumed that the rotation axis of the galaxy is perpendicular to the galaxy plane. Because of the well-known ambiguity in galaxy inclination angle i, i.e. the angle between the normal to the galaxy plane and the observer's line of sight, two solutions are possible. Both solutions are considered in the calculation. The galaxy spatial orientation is given by the angles d D and h, where d D is the polar angle between the normal to the galaxy plane and the main plane of the supercluster, and h is the azimuthal angle between the projection of the rotation axis on to the supergalactic main plane and thè zero' meridian (the great circle passing through supergalactic pole and the node). These angles are calculated from the formulae (Flin & Godlowski 1986) 
where the inclination i was given by the Holmberg (1946) formula:
It was assumed that the true axial ratio q depends on the galaxy morphological type, and q 0X25 and 0.15 were adopted for ellipticals and spirals, respectively. The values of the investigated angles d D (covering the range from 2908 to 908) and h were grouped into bins with 108 width and the distributions were tested for isotropy. Isotropy checking was performed using three tests described by Hawley & Peebles (1975) . These are the x 2 -test, the Fourier test and the autocorrelation test. Moreover, the observed distribution was compared with the theoretical, isotropic one. Tables 1 and 2 present the results of the statistical analysis of the distribution of the Zwicky galaxy sample. For each sample the number of values of the investigated angle K falling in the corresponding bin is given, together with the expected isotropic distribution. The standard deviation is calculated assuming that it is proportional to the square root of K in the expected distribution. (All numbers relating to the theoretical distribution were rounded to whole numbers.) In the case of the d D angle, both sides of the supercluster plane were binned together.
R E S U LT S
The last lines in Tables 1 and 2 give the probabilities that the distribution is random one, as obtained from the application of the x 2 -test and the Fourier test, denoted as P($x 2 ) and P($D) respectively. The value of the autocorrelation test, denoted C, is also given. For the random distribution the value C 0 with standard deviation s C 6 is expected. N denotes the number of solutions, twice the number of galaxies, in the investigated sample. The line labelled`Mean' in Table 2 gives the expected number of solutions falling into each bin, together with its standard deviation for a random distribution. From the analysis of Table 1 it follows that the distributions are anisotropic. There is statistically a very significant excess of solutions constituting small jd D j # 108 angles. In the case of spiral galaxies this corresponds to the parallelism of galaxy rotation axes with the main plane of the parent supercluster. It is important to note that the same kind of alignment is observed for spiral galaxies located close to the main plane jbj # 28X5Y and far away from it. For disc galaxies located outside the main clusters A1367 and A1656, i.e. galaxies constituting the bridge between the clusters, this excess is also very significant.
The distribution of the azimuthal angle h is also anisotropic. The projection of rotation axes on to the supercluster main plane tends to point towards the supercluster and perpendicular to its direction, but this effect is weaker than for the d D angle, when considering the particular departure from isotropy in each bin.
The same result comes from the almost complete sample of UGC galaxies (see Fig. 3 ). The distributions deviate from isotropy less significantly than in the case of the Zwicky sample, which could be due to the much smaller size of the sample. Nevertheless, even in this case the observed excess of disc galaxies with planes perpendicular (small |d D | angle) to the supercluster main plane is at the 2s level.
D I S C U S S I O N A N D C O N C L U S I O N S
Detailed analyses of errors influencing the result has been performed in previous studies (Flin 1988b (Flin , 1989 Flin & Godlowski 1989 ) and the conclusion from those analyses is also valid here. The conclusion was that the result is not a consequence of uncertainties in measurements.
The differences in position angle measurements Dp performed by various workers are usually close to 08, and the standard deviation is about 108. Also the differences in the axial ratio D(b/a) are negligible, with standard deviation 0.1. A comparison of the automated data of Doi et al. (1995) with the measurements of the present study gives Dp 18 with s 138 and Dbaa 0X031 with s 0X12Y while a comparison of the UGC data with those of Doi et al. (1995) gives Dp 08X3 with s 88 and Dbaa 0 with s 0X11X Different methods for the reduction of the apparent axial ratio to the photometric standard system were also discussed in the above-mentioned papers. It was shown that the inclination angle is little influenced. The influence of the accepted values of f and a V was also checked by performing the analysis using different values. The anisotropy did not disappear when these values were changed by^108, or when, instead of P=0, random values from the interval 08±1808 were taken. All of these errors are unable to produce the spurious anisotropy, which means that the observed anisotropy is a real property of galaxies constituting the Coma/ A1367 supercluster.
The possibility is not excluded that the observed anisotropy of galaxy plane orientations is due to the excess of galaxies observed in the bin baa [ 0X4Y 0X5l and seen`face-on'. However, an analysis of the Coma cluster itself has been performed using the same method of investigation, but different observational data (Wu et al. 1997; 1998) . The observational basis of these investigations came from two independent scans of various photographic plates (Doi et al. 1995 and Godwin, Metcalfe & Peach 1983, respectively) . Wu et al. found the same type of anisotropy as in the present study. Different galaxy orientations for spirals and lenticular galaxies can be also seen in our data: the sample containing all galaxies (see Table 1 ) follows the excess of galaxy planes perpendicular to the supercluster plane, while the spiral sample T $ 0 also follows the small additional excess of solutions falling in the region of d D between 408 and 708. However, this could be due to effects connected with supergalactic latitude as in the case of the Virgo supercluster, as was pointed out by Flin & Godlowski (1990) and Kashikawa & Okamura (1992) . This possibility was rejected by Wu et al. (1997) , owing to the existence of the Dressler density± morphology relation. The solution of this problem, together with the explanation of the difference in the h-angle in the Coma cluster itself (having radius 38), as observed by Wu et al. (1997 Wu et al. ( , 1998 , and in the whole supercluster, as shown in Table 2 , needs further study. Nevertheless, their work supports the claim that uncertainties in the observational data did not cause the spurious anisotropy.
The observed anisotropy should be compared with the prediction of scenarios of galaxy origin. The existence of the anisotropy in the distribution of rotation axes of galaxies is expected in top-down scenarios of galaxy origin: it occurs when superclusters are formed prior to the formation of galaxies. Shandarin (1974) showed that in the turbulence theory rotation axes should be perpendicular to the main plane of the parent supercluster, while they should be parallel in the pancake theory. More recently, West et al. (1990) argued that in the explosive scenario the distribution of rotation axes is similar to that in the pancake scenario. Therefore the present result seems to support either the pancake or the explosive scenario. In the pancake scenario, however, the distribution of the h-angle is predicted to be random, which is not the case.
In the classical cold dark matter model, the angular momentum of galaxies is a result of tidal torques. However, this mechanism does not explain the systematics of ellipticals. Moreover, the origin of galaxy spins in this method gives a preferred orientation among galaxy spins in small regions, of the order of the galaxy cluster size, and not in the vast region of the whole supercluster. A similar short-range alignment of galaxy spins, of the order of a few Mpc, could be due to the correlation of galaxy spins with the intermediate principal axis of the gravitational shear tensor Pen, Lee & Seljak 2000) .
However, as shown by numerical simulations, it is possible that the pancake-like stage is occurring in various scenarios of galaxy origin. If this is true, the galaxy orientation could be a common property of supercluster members. The observed alignment of galaxies between the main clusters (i.e. A1367 and A1656) in the region of the main plane of the Coma/A1367 supercluster, constituting the supercluster bridge, is in good agreement with the predictions of the Bond et al. (1996) version of the cold dark matter model. However, the observed anisotropy can also be explained by the perpendicular orientation of galaxy planes to the radius vector from the supercluster centre (MacGillivray et al. 1982; MacGillivray & Dodd 1982a,b) . This interesting possibility is, however, beyond the scope of the present paper, but it is very important. It can explain above-mentioned dependence of the galaxy alignment on the supergalactic latitude.
From an observational point of view, further study of the alignment of galaxies in the Coma/A1367 supercluster should take into account all galaxies in the investigated region, which, owing to rapidly accumulating redshift data, will probably be possible in the near future. Moreover, the study of a complete sample of galaxies, both in previously investigated locations such as the Local, Pisces±Perseus and Hercules superclusters, and in others such as the Shapley concentration in particular, will show whether the observed alignment is a general property of galaxies within superclusters. Furthermore, it goes without saying that the study of the distribution of galaxy spins will be of great interest. In this case, however, the number of galaxies considered should be of the order of the total number of supercluster members, and not a small fraction only, as also stressed by Cabanela & Dickey (1999) . From a theoretical point of view, much more precise predictions connected with the distribution of galaxy spins within superclusters would be of great help; these would need more detailed numerical simulations devoted chiefly to this problem.
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